Introduction: Massive rotator cuff tear repair results are variable. The main purpose of this study was to compare functional outcome between two procedures: open repair by autologous quadriceps-patella tendon patch, and arthroscopic suture. The study hypothesis was that there is no significant difference in results between the two techniques. Material and methods: A retrospective study included all patients younger than 70 years operated on from 1995 to 2013 for massive rotator cuff tear. Exclusion criteria comprised history of dislocation, fracture or surgery or osteoarthritis in the affected shoulder, and infra-and supra-spinatus fatty degeneration equal to or greater than stage 3. Two consecutive groups were distinguished: group 1, from 1995 to 2003, comprised 23 patients (24 shoulders; mean age, 55.8 years) treated by open repair using quadriceps tendon autograft; group 2, from 2003 to 2013, comprised 27 patients (29 shoulders: mean age, 60.3 years) treated by arthroscopic repair. Results: Preoperatively, mean Constant score was 42.9 in group 1 and 45.7 in group 2 (P = 0.36), pain score 5.5/15 and 7.6/15 (P = 0.08), strength 3.0 kg and 2.4 kg (P = 0.30), and subacromial space 6.3 and 6.7 mm (P = 0.05), respectively. At respectively 58 and 55 months' mean follow-up, Constant score was 71.1 in group 1 and 71.8 in group 2 (P = 0.086), pain 11.9/15 and 12.7/15 (P = 0.76), gain in strength 1.4 kg and 2.3 kg (P = 0.0006), and subacromial space 7.1 mm and 6.3 mm (P = 0.29), respectively. The complications rate was 70% in group 1 and there were no specific complications in group 2. Conclusion: Functional improvement was significant and comparable between the 2 groups. Quadriceps tendon harvesting was associated with high morbidity, but the technique increased subacromial space. Level of evidence: IV, retrospective, single-center.
Introduction
Results in surgical treatment of massive rotator cuff tear vary between reports, with retear rates ranging from 20% to 70% [1] [2] [3] [4] . Numerous techniques have been described: arthroscopic debridement [5, 6] , long head of the biceps tenotomy or tenodesis [7] [8] [9] , partial [10] [11] [12] or complete repair [12] [13] [14] [15] , muscle-tendon transfer [16] [17] [18] [19] , interposition of synthetic or biological tissue [20] [21] [22] [23] [24] [25] , auto-or allo-graft [26] [27] [28] , reverse total shoulder replacement [29] , and intra-articular injection of platelet-rich plasma [30] . Success depends on the strength of the bone fixation [20] , tendon trophicity [31, 32] and absence of fatty degeneration of the cuff muscles [1, [33] [34] [35] . Restoring a tight cuff enables the patient to recover strength and motion, and limits progression toward osteoarthritis [36] .
Beginning in 1995, we used open autograft, harvesting the quadriceps tendon, in under-70 year-old patients with massive rotator cuff tear and good muscle status [37] . This technique allowed suturing with relatively low tension.
Then, as arthroscopy progressed, with new materials (anchors) and techniques (U and L or edge-to-edge suturing,) and encouraging results with low morbidity [38, 39] 
Material and methods
All patients aged less than 70 years at surgery for massive rotator cuff tear between 1995 and 2013 were included. Two consecutive retrospective series were respectively collected and analyzed by two observers using the same procedure: group 1, receiving quadriceps tendon autograft from 1995 to 2003 (Figs. 1-4) , and group 2, receiving arthroscopic suture from 2003 to 2013. Massive cuff tear was defined as supraspinatus tendon tear with grade-3 frontal retraction on Patte's classification [40] with associated infraspinatus and in some cases subscapularis tear.
Patients aged more than 70 years at surgery, or with history of surgery, dislocation or fracture in the affected shoulder, osteoarthritis with Samilson score [41] >2, grade ≥3 fatty degeneration of the supra-or infra-spinatus on Goutallier's classification [31] were excluded. Surgery was indicated for severe pain and loss of strength following failure of medical treatment that included at least 1 injection and rehabilitation sessions.
Preoperative shoulder function was assessed on Constant score [42] and Subjective Shoulder Value (SSV) [43] . Strength was assessed by 3 successive measurements on a dynamometer with the patient seated, upper limb in 90 • anterior elevation and neutral pronosupination. External rotation with elbow to body was measured in degrees.
Analysis of preoperative AP radiographs in neutral rotation and Lamy lateral view comprised: subacromial space, Samilson osteoarthritis score [41] and Hamada and Fukuda classification [44] , and Bigliani acromion type [45] . The anatomic result was assessed on imaging at last follow-up. Figs. 1 and 2 ). Seven were excluded (6 lost to followup, 1 deceased). Twenty-three patients (24 shoulders, 77.4%) were analyzed (group 1).
From 2003 to 2013, 49 consecutive shoulders received arthroscopic suture for massive rotator cuff tear following the above inclusion criteria. Twenty patients were lost to follow-up following change of residence, and 5 died. Twenty-seven patients (29 shoulders, 59.2%) were analyzed (group 2).
Surgery comprised acromioplasty in 21 shoulders, associated to resection of the acromioclavicular ligament and lateral quarter of the clavicle in 10 shoulders, and to release of the deep faces of the supra-and infra-spinatus in 27 cases. Tendontendon suture was performed in 21 cases; the mean number of anchors was 2.8 (1-4). Repair used combined simple and U suture in 12 cases, simple suture in 6, and U suture in 9. Suture was single-row in 17 cases and double-row in 12. Subscapularis repair was associated in 8 cases (6 full and 2 partial tears). Table 1 shows preoperative data for the 2 groups. Groups were comparable except for preoperative pain and Samilson score, which were significantly greater in group 1.
Postoperative care was identical in both groups: 45 days' immobilization on 60 • abduction pillow, with immediate selfrehabilitation by pendular exercises followed by passive rehabilitation from the end of week 3 and active rehabilitation at week 6.
In group 1, 19 cases involved supra-and infra-spinatus tear, and 5 had associated subscapularis tear. The tendon of the long head of the biceps was conserved in 12 cases, underwent tenodesis in 10, and spontaneously tore in 2.
In group 2, 16 cases involved supra-and infra-spinatus tear, 9 had associated subscapularis tear, and 4 had associated supraspinatus and subscapularis tear. The tendon of the long head of the biceps was conserved in 1 case, underwent tenodesis in 4 and tenotomy in 22, and spontaneously tore in 1 case.
Statistics
GraphPad Prism software version 5.00 (GraphPad Software, San Diego, CA, USA) was used.
Quantitative variables were compared between the 2 independent groups by Student parametric test in case of normal distribution or else by non-parametric Mann-Whitney test; normality was checked on D'Agostino-Pearson test. Qualitative variables were compared on Fisher exact test. The significance threshold was set at 0.05.
Results

Postoperative functional results (Tables 2 and 3)
At last follow-up, at a mean 58 months (range, 12-100 months) in group 1 and 55.1 months (range, 12-116 months) in group 2, function was significantly improved in both groups, with no significant difference except for strength (Table 4) .
Radiographic results (Table 5)
In group 1, mean subacromial space was 7.1 mm (range, 2-11 mm). Samilson score was 0 in 4 shoulders, 1 in 11, 2 in 6, 3 in 1, and 4 in 1.
In group 2, mean subacromial space was 6.3 mm (range, 3.9-8). Samilson score was 1 in 14 shoulders, 2 in 11 and 3 in 4.
Subacromial space increased significantly in group 1 and decreased in group 2.
Complications
In group 1, 17 patients (70%) showed postoperative complications related to the harvesting site: 12 cases of knee pain, with sensation of instability in 5 patients, treated by analgesics and physiotherapy; 2 post-traumatic patella fractures, treated by surgery; 1 partial quadriceps tendon tear, treated non-operatively; 1 permanent anesthesia of the lateral edge of the patella; and 1 stiff knee, treated by physiotherapy.
At last follow-up, 2 patients showed cracking and pseudoblocking of the knee.
There were no specific complications in group 2. At last follow-up, no patients had undergone revision surgery. Control imaging was performed in both groups. In group 1, CT arthrography was performed in 16 cases. Eight patients with very good functional results (mean Constant score, 80.7 (range, 59-100)) declined the examination. The cuff was tight in 6 cases, with <1 cm tear in 4, 1-2 cm tear in 2, and massive tear exceeding 2 cm in 4. All patients showed fatty muscle degeneration.
In group 2, 22 shoulders underwent control imaging: 21 MRIs and 1 CT arthrogram. The cuff was tight in 8 cases, with <1 cm tear in 2, 1-2 cm tear in 5, and >2 cm tear in 7. Fatty degeneration was elevated by 1 grade on the Goutallier classification on average, except in >2 cm tear where elevation was 2 grades.
Discussion
Medium term results for massive rotator cuff tear treated by open quadriceps tendon graft or arthroscopic suture were equivalent. Donor site morbidity, on the other hand, was considerable with the tendon graft technique (70% postoperative complications).
There was significant improvement in Constant score (from 45.7 to 72.1) and strength (from 2.4 to 4.7 kg) with complete arthroscopic suture associated to biceps tenodesis or tenotomy, with an 80% satisfaction rate. Rousseau et al. [46] used this technique, and reported identical functional results: significant improvements at 24 months in Constant score (40 vs. 91.7) and strength (3.6 kg gain) and 88% satisfaction. Henry et al. [47] , in a literature review, likewise found significant improvement in Constant score with complete or partial cuff repair. Cuff et al. [48] reported similar findings for partial arthroscopic repair associated to biceps tenotomy. Several studies reported the impact of biceps tenodesis or tenotomy. Boileau et al. [8] found significant improvement in Constant score (46.3 vs. 66.5) and 78% satisfaction, without difference between the two techniques. Walch et al. [49] also found significant improvement in Constant score with arthroscopic tenotomy of (Table 6 ). However, the functional recovery found in both groups was not accompanied by freedom from osteoarthritis, reported in both groups, with significant aggravation of Samilson and Hamada scores.
Paxton et al. [51] also found aggravation of osteoarthritis in a series of 18 patients at 10 years' follow-up after arthroscopic repair of massive cuff tear, published in 2013. Likewise, Cuff et al. [48] reported worsened Hamada scores in 36% of cases.
Complete cuff healing is reported to prevent onset of osteoarthritis and significantly improve gain in strength [36] . Rousseau et al. [46] assessed cuff healing on ultrasound after complete arthroscopic repair, and found 3.6 kg gain in strength and mean Constant score of 98.4 for the 56% of patients with complete cuff healing, compared to 83.6 and no gain in strength for the 44% with retear. Ji et al. [27] found a 37% retear rate on control MRI after biceps autograft. Charousset et al. [52] reported a rate of 77.3% on CT arthrography. Henry et al. [47] reported 79% retear after complete arthroscopic repair. The present small series showed a comparable rate of retear: 62.5% of the 16 group-1 patients with CT arthrography control and 63.6% of the 22 group-2 patients with MRI control.
The present study had long follow-up (4 years), but with several weaknesses: small sample, assessment by two different surgeons, and different types of control imaging.
Conclusion
At 4 years' follow-up, the two techniques provided identical results, with significant functional improvement. Progress in arthroscopy techniques, combined with the high rate of complications in open surgery, however, led us to abandon the latter.
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